Summary. Long-term metabolic control after pancreatic transplantation with enteric exocrine diversion was evaluated in 42 Type I (insulin-dependent) diabetic pancreas recipients with functioning grafts for 1 to 7 years. Glycaemic control (fasting blood glucose, glycosylated haemoglobin Alc, oral and intravenous glucose tolerance tests) was normal or near-normal in most patients, and showed no deterioration with time. In ten patients with functioning grafts for 5 year s there was a small, but significant, improvement in the glucose control at 3 to 5 years as compared with that at 6 months post-operatively. In the latter recipients the number of acute rejection episodes correlated negatively with the intravenous glucose tolerance at 6 months (r=-0.64, p<0.01) and at 5 years (r=-0.60, p<0.01) after transplantation, respectively. The glycaemic control at 6 and 12 months after transplantation was similar whether segmental (n=35) or whole-organ (n=7) pancreatic grafts had been used. In six non-uraemic recipients who had received a pancreas transplant alone the serum cholesterol increased in all but one patient (0.05<p<0.1), and the LDL/HDL-cholesterol ratio was significantly higher (p<0.005) one year after transplantation than before. Conversely, in six diabetic patients who had lost the function of their single pancreatic grafts the lipid and lipoprotein profiles remained unaltered. It is concluded that the long-term glycaemic control after segmental or whole-organ pancreatic transplantation with enteric exocrine diversion remains essentially normal in most recipients, and it may even improve with time. The short-and long-term glucose control seems to be adversely influenced by the number of acute rejections. Moreover, in non-uraemic pancreas transplant recipients the lipoprotein profile changed towards a more atherogenic pattern. The latter findings are probably attributable to the immunosuppressive therapy.
Introduction
Pancreas transplantations are being performed with increasing frequency and success as a treatment morality in Type I (insulin-dependent) diabetic patients with severe secondary microvascular and neuropathic complications (Bolinder & Tyd6n 1989) . While several surgical techniques for this procedure have been utilized using segmental or whole-organ pancreatic transplants and with various methods for the management of the exocrine secretion (Tyd6n , the optimal approach with regard to the long-term endocrine graft function is still a matter of uncertainty. Since the initiation of the clinical pancreatic transplant program in Stockholm in 1974 enteric exocrine drainage of the allograft has been applied in almost all cases (Tyd6n et alo 1991). Until 1988 segmental pancreatic transplants with pancreatico-enteric anastomoses were used, thereafter pancreatico-duodenal grafts (i.e. wholeorgan transplants) with duodeno-enteric anastomoses for exocrine diversion have been utilized. In this report the metabolic control obtained in 42 recipients with functioning grafts for 1 to 7 years after transplantation is surveyed.
Subjects and methods
Patients, The study group consisted of 42 subjects (26 men and 16 women) aged 25-47 years (35 • 1 years, mean + SEM) who had undergone pancreatic transplantations between November 1981 and Iuly 1989, and who have had functioning grafts for between 1 to 7 years after transplantation. Al1 the recipients had suffered from Type 1 diabetes meUitus of tong duration (24 • 1 years). In 36 patients a combined kidney and pancreas transplantation had been performed because of end-stage diabetic nephropathy. Six patients had received a pancreatic graft alone because of preuraemic nephropathy (four patients) or defective hormonal eounterregulation and unawareness of hypoglyeaemia (two patients). Segmental and whole-organ pancreatic transplants were used in 35 and 7 recipients, respectively, In all cases enteric diversion of the pancreatic secretion, and systemic venous drainage had been performed. The diagnosis and treatment of acute rejection episodes had been made as described in detail previously (Tydtn et at, 1991) . The maintenance immunosuppressive therapy consisted of cyclosporine, azathioprine and prednisolone in 39 patients, and cyclosporine and prednisolone in two patients. One patient was treated with azathioprine and prednisotone. The effect of pancreatic transplantation on serum lipids and lipoprotein profiles was evaluated in the six non-uraemie recipients who had received a pancreas graft alone. Control data were obtained from another six Type I diabetic patients who had undergone single pancreatic transplantation because of preuraernie nephropathy. The latter patients, however, had lost the function of their pancreatic grafts within 5 months postoperatively (range 3 weeks to 5 months after transplantation) as a result of chronic rejection (three cases), abscess formation (two cases) or emetic leakage (one case). The two groups were comparable with regard to sex, body-weight, kidney function and antihypertensive therapy (data not shown). Metabolic assessments. The determinations of glucose control included fasting blood glucose, glycosylated HbAlc, a 75g oral glucose tolerance test (OGTT), and a 25g intravenous glucose tolerance test (IVGTT). The result of the OGTT was evaluated according to WHO-criteria (1985) . The intravenous glucose tolerance was determined by calculation of the glucose disappearance rate constant (k-value), as described by Ikkos & Luft (1957) . Serum lipids and lipoproteins were determined by Carlsson's method (I973). Statistical analysis. The values are presented as mean 4-SEM. The statistical methods used were regression analysis and Student's ttest, using the paired t-test when applicable.
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Results
The results of the assessments of glycaemic control in all patients with functioning grafts for I to 7 years after transplantation are given in Table 1 . Fasting blood glucose was normal in all patients at all intervals. HbAlc remained normal in about 60% of the recipients, the mean value being close to the upper normal value at each serial determination. The 2-h glucose concentration after the ingestion of 75 g glucose was normal in 75% of the patients, and approximately 50-60% had a normal glucose disappearance rate (k-value) following the 25g intravenous glucose load; the mean values of the two tests being in the normal range.
A separate analysis of the ten patients with functioning grafts for 5 years demonstrated small, but statistically significant, improvements in all parameters tested at 3-5 years as compared with the corresponding data obtained at 6 months after transplantation, (Fig. 1) . During the same follow-up period the patients' kidney function remained stable (data not shown). In these ten recipients there was a negative correlation between the number of acute rejection episodes treated within 3 months postoperatively and the intravenous glucose tolerance at 6 months (r=-0.64, p<0.01) and at 5 years (r=-0.60, p<0.01) after transplantation, respectively. The glycaemic control, as assessed at 6 and 12 months after transplantation, respectively, was similar, whether segmental (n=35) or whole-organ (n=7) pancreatic transplants had been used (Fig. 2) . Serum lipids and lipoprotein profiles, before and one year post-operatively, in the 6 non-uraemic patients who had received a pancreatic graft alone, and in the control subjects who had lost the function of their single pancreatic transplants, are shown in Table 2 . Before transplantation the total cholesterol and triglyceride concentrations, and the lipoprotein levels, were comparable in the two groups. One year postoperatively, the cholesterol level was increased in five of the six patients with functioning grafts (0.05<p<0.1). Moreover, the LDL-cholesterol and triglyceride concentrations were significantly higher (p<0.05-0.005) than before transplantation, and the LDL/HDLcholesterol ratio was increased by almost 50% (p<0.005). Conversely, in the six diabetic patients with non-functioning grafts the lipid and lipoprotein concentrations did not change during the follow-up period. 
Discussion
The results of this study have clearly demonstrated that the long-term glycaemic control following pancreatic transplantation with enteric exocrine diversion remains normal, or close to normal, in most graft recipients. Thus, in a large number of patients with functioning grafts for 1 to 7 years after transplantation fasting blood glucose was consistently normal, and HbAlc levels and OGT and IVGT tests were normal or near-normal in most recipients. The moderate impairment in glucose tolerance which was observed in a minority of the patients was probably due to the immunosuppressive therapy with cyclospofine and steroids, as the same phenomenon is also seen in non-diabetic kidney transplant recipients (Tyd6n et al. 1987; Tibell et al. 1990 ). Moreover, as recently reviewed by Ostman et al. (1987) and Landgraf et ai.(1989) , similar results have been obtained at other institutions using different surgical techniques for the handling of the exocfine secretion from the pancreatic graft. Hence, the surgical procedure per se appears to be of minor importance for the long-term endocrine graft function.
In the ten patients with functioning grafts at 5 years there was even a small, but significant, improvement in the glucose control at 3 to 5 years as compared with that at 6 months after transplantation. Moreover, in these patients both the short-term (6 months) and the longterm (5 years) glucose tolerance were adversely influenced by the number of acute rejection episodes treated early post-operatively. Whether this was due to the diabetogenic effect of the anti-rejection treatment with high doses of steroids alone, or in combination with loss of insulin-producing tissue during the rejections, cannot be determined. In any case, this finding may suggest that by optimizing the donorrecipient histocompatibility, and thereby reducing the propensity to graft rejection, a beneficial effect on the long-term glycaemic control may be obtained.
In keeping with previous reports (Martin et al. 1989; LaRocca et ak 1990; AbdElkader et al. 1990 ) we failed to show any significant differences in glycaemic control whether whole-organ or segmental pancreatic grafts had been transplanted. In this context, however, it should be stressed that only 10-30% of the normal Beta-cell mass is necessary to maintain euglycaemia. Moreover, because of the unequal distribution of the islets of Langerhans 70-80% of the insulin-producing tissue is included in a segmental body-and-tail graft.
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While the salutary effect of pancreatic transplantation on glucose homeostasis has been clearly documented in this study the present data concerning lipid metabolism were less favourable. Hence, in six non-uraemic single pancreas transplant recipients, serum cholesterol had increased in all patients but one 12 months after successful grafting, mainly owing to an increase in the LDL-cholesterol fraction, and the LDL/HDL-cholesterol ratio was significantly enhanced. Conversely, in six Type I diabetic patients who had lost the function of their single pancreatic grafts shortly after transplantation, the serum lipid-and lipoprotein levels remained unchanged. SinCe the two groups were comparable with regard to body weight, kidney function and antihypertensive therapy these factors shot~Id not have influenced the results. Instead, it is more likely that the observed changes in lipid and lipoprotein levels towards a more atherogenic pattern following successful single pancreatic transplantation were due to the concomitant immunosuppressive treatment, as it is weU-known that both steroids and cyclosporine mediate detrimental effects on lipid and lipoprotein metabolism (Casaretto et al, 1974; Harris et al, 1986) . The significance of these disturbances in terms of macrovascutar complications in diabetic pancreas transplant recipients remains to be elucidated.
